Though some evidence supports stronger mood improvements in response to acute exercise among women, sex-related differences remain understudied. Purpose: To quantify and compare differences in baseline mood and the magnitude of mood responses to either acute aerobic exercise or quiet rest among young adult men and women. Methods: 26 F) young adults completed two counterbalanced conditions: 30-min of vigorous treadmill exercise or 30-min of quiet rest. Outcomes included state anxiety, worry symptoms, and feelings of tension, depression, vigor, fatigue, anger, and confusion. ANOVA and RM-ANOVA examined sex-related differences at baseline and across condition and time, respectively. Hedges' d (95%Cis) were calculated to quantify and compare the magnitude of change in response to exercise compared to control. Results: Females were more likely to report scores indicative of depression (QIDS>5; 38.5% vs. 18.5%) and high trait anxiety (≥1SD above age-and sex-related norm on STAI-Y2; 26.9% vs. 3.7%). Baseline worry symptoms and trait anxiety were significantly higher among females (p<0.02). Though repeated measures models did not support statistically significant differences between sexes, the magnitude of improvement in mood outcomes was larger among females than males for all outcomes other than feelings of tension. 
Introduction
The positive effects of an acute bout of exercise on mood states are well-documented.
Quantitative syntheses of the available evidence support reduced state anxiety (10) , enhanced cognitive function (7) and sleep (39), and improved feelings of energy and fatigue in response to acute exercise (21). Though less well-documented, acute exercise also has been shown to improve anger (36), depressive mood state (1), pain perception (15) , and panic in both patients with panic disorder and healthy controls (35) .
Several factors are proposed to influence the effects of exercise on mood, including participant characteristics, features of the exercise stimulus, and neurobiological and psychological factors. Rodent models and human studies have supported favourable biological adaptations, including alterations in 5-HT, norepinephrine (NE), galanin, and brain-derived neurotrophic factor (BDNF), following acute and chronic PA (11, 17, 18, 26) . Moreover, improved mood states have been reported in response to both acute aerobic (4) and resistance (27) exercise, among healthy (16) and chronically-ill samples, and in response to varying intensities (10, 29) .
Potential sex-related differences in mood response to acute exercise have remained relatively understudied. Some evidence supports stronger effects of exercise on mood among women compared to men, findings which some authors have postulated may arise from poorer baseline mood profiles and larger subsequent benefits in response to exercise, and/or greater motivation for exercise as a strategy to enhance mood among women (30, 38) . However, overall findings regarding sex-related differences in mood response have been mixed and the majority of A C C E P T E D studies have either not examined or not reported potential sex-related differences. Thus, the present study examined differences in baseline mood and responses to 30-min of vigorous intensity aerobic exercise between young adult men and women.
Methods
Design & Participants. A within-subjects, repeated measures design was used, and the study protocol was approved by the University's Research Ethics Board. Based on a priori power analysis performed with G*Power, a sample size of 52 would provide >80% statistical power to detect differences in mood assuming a two-tailed α=0.05, a conservative correlation between repeated measures (r=0.5), and a moderate-sized effect of acute exercise on mood (f=0.2) based on previous evidence (10, 13, 21) . Thus, 53 young adult men and women, aged 21.2±1.5y, were recruited from the university and surrounding populations. Prior to participation, interested potential participants provided written informed consent and completed a medical history screening questionnaire. Potential participants, aged 18-35y, who were free of any medical contraindication to safe participation in vigorous aerobic exercise and who were not pregnant or lactating were randomized to one of two counterbalanced conditions: an acute 30-min bout of vigorous treadmill running or 30-min of seated quiet rest.
Baseline Measures. Prior to the beginning of testing on day 1, each participant completed electronically administered measures of self-reported physical activity (Seven Day Physical Activity Recall) (3), trait anxiety (trait subscale of the State-Trait Anxiety Inventory, STAI-Y2) (33) , depressive symptoms (Quick Inventory of Depressive Symptoms, QIDS) (31) , and sleep quality (Pittsburgh Sleep Quality Index, PSQI) (6) . of maximal heart rate reserve (%HRR) calculated using the normative values for resting HR for this population age-group (i.e., 63 for males and 73 for females). Heart rate was monitored continuously using Polar HR monitors. Each participant was instructed to perform a 5-min warm-up, progressively increasing the treadmill speed and/or grade to achieve 65%HRR, and to then complete 30 min at ≥65%HRR. When 30 min at or above 65%HRR had been completed, each participant was asked to walk until he/she felt sufficiently cooled down. Each participant then provided a session RPE using Borg's 6-20 RPE scale. Standard instructions for rating perceived exertion were provided to each participant. Given the potential for mood effects of social interaction (23), extraneous conversation was minimized during the exercise session. Consistent with the exercise session, extraneous conversation with each participant was limited during the quiet rest session. Participants were not allowed to read, study, or listen to music given the potential for altered mood state responses.
Analyses. Data analyses were performed using SPSS 22.0. One-way ANOVA examined baseline (Day 1) sex-related differences in demographic variables, trait anxiety, depression symptoms, physical activity level, sleep quality, and outcome measures. Chi-square tests examined sexrelated differences in smoking status, high trait anxiety (>1SD above the age-related norm), and poor sleep (PSQI>5).
ANOVA examined sex-related differences in total exercise time and average session HR between males and females. For males and females, Pearson correlation coefficients quantified associations between total exercise time and average session HR and percent change in mood outcomes. Linear regression examined associations between baseline physical activity level and mood responses to acute exercise.
Repeated measures ANOVA examined differences between exercise and the quiet rest control and potential sex-related differences. However, given increased calls across the psychological literature to move beyond acknowledged flaws of null-hypothesis significance testing in favor of estimation based on effect sizes and confidence intervals (9), we also sought to quantify and compare the magnitude of change in mood responses among men and women using
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Hedges' d effect sizes and associated 95% confidence intervals (95%CI). For each outcome measure, the mean pre-condition to post-condition change for the quiet rest condition was subtracted from the mean pre-condition to post-condition change for the exercise condition and divided by the pooled pre-condition standard deviation (12) . Effect sizes were adjusted for small sample bias and calculated such that improved moods resulted in positive effect sizes (12) . Total exercise time did not significantly differ between males and females (p>0.60). However, session average HR was significantly higher among females (164.2±4.9) compared to males (160.2±5.1; F (1, 45) =7.40, p≤0.009). Session ratings of perceived exertion ranged from 9 to 17 (13±2), and did not significantly differ between males and females (F (1, 38) =1.00, p>0.32). Among males, total exercise time was significantly associated with percent change in worry symptoms (r=-0.58, p≤0.005) and anger (r=-0.92, p≤0.001); no significant associations were found among women. Baseline physical activity level was not significantly associated with change in any outcome (all p>0.08). . No statistically significant effects were found for males. However, non-significant moderate-sized improvements were found for feelings of confusion (d=0.42), total mood disturbance (d=0.47), and feelings of energy (d=0.50). The magnitude of improvement in response to acute exercise was larger (i.e., effect sizes were greater) among women than men for all outcomes other than feelings of tension.
Results
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Discussion
The present findings supported the positive effect of exercise on mood and provide support for sex-related differences in mood responses to an acute bout of vigorous intensity aerobic exercise. Compared to a quiet rest control, exercise significantly improved state anxiety, feelings of depression and fatigue, and total mood disturbance, and non-significantly improved worry symptoms and feelings of tension and anger in the full combined sample of men and women. Though a statistically significant sex by condition by time interaction was only found for feelings of energy, the magnitude of improvement in mood response to acute exercise compared to quiet rest, quantified by Hedges' d effect sizes, was significantly larger among women than among men for all mood outcomes other than feelings of tension.
To our knowledge this is the first methodologically rigorous, counterbalanced, controlled investigation to show larger mood improvements among women in response to vigorous intensity aerobic exercise. Though overall findings regarding sex-related differences in mood response have been mixed and the majority of studies have either not examined or not reported potential sex-related differences, the current findings support a limited amount of previous evidence (30, 38) . For example, a previous study reported lower negative mood among women following an acute bout of resistance exercise (30) . However, the previous study lacked a control condition and did not standardize exercise intensity, limitations which were addressed by the design of the study reported here.
The magnitude of the current improvements in mood among both males and females are comparable to previously reported evidence. Improvements in feelings of energy and fatigue are A C C E P T E D comparable to, if not larger than, previously reported effects during and following acute resistance exercise (d=-0.09 to -0.63 and d=0.05 to 0.73 for fatigue and energy, respectively) (14) , and the mean effect from 16 trials of acute exercise (Δ=0.03 and Δ=0.47 for fatigue and energy, respectively) (21). Small-to-moderate improvements in state anxiety are comparable to the recently reported mean effect of g=0.16 from 36 trials published since 1990 (10) .
Importantly, the present findings provide the first evidence of the effects of acute aerobic exercise on worry symptoms. The small improvement in worry symptoms among women (d=0.25) is comparable to the previously reported effect of four bouts (findings from week two of six-week trial) of moderate-intensity cycling exercise among young women with Generalized Anxiety Disorder (d=0.23) (13) . These novel findings warrant further investigation.
Women in the current study reported greater improvement in all mood outcomes other than feelings of tension. The magnitude of the differences in mood between sexes are similar to those reported in previous longitudinal studies (2, 19, 25, 28) . However, women still reported worse mood than men following exercise, as evidenced by higher reported state anxiety, feelings of tension, fatigue, confusion, and total mood disturbance and lower feelings of energy. This is plausibly due to their somewhat poorer baseline mood profile. Specifically, women reported significantly higher baseline trait anxiety and worry scores than men, and marginally higher depressive symptoms, state anxiety, total mood disturbance and feelings of tension and lower feelings of energy. Previous evidence suggests that individuals with worse mood prior to exercise generally derive the most benefit (29) . Thus, it is plausible that larger improvements in mood observed in women were due to their somewhat higher negative mood at baseline.
However, given that effect size calculations consider change from baseline for exercise and A C C E P T E D control as well as the pooled baseline standard deviation, equally plausible explanations include a potential floor effect among males and a slight worsening of some mood outcomes following quiet rest among females.
Though not measured in the current study, it is plausible that sex-related differences in neurobiological responses to exercise, including exercise-induced changes in the synthesis, metabolism, and cellular transit of 5-HT, NE, galanin, and/or BDNF, could underlie greater mood enhancing effects of exercise in women. Indeed, Schuch and colleagues (32) reported that serum BDNF significantly increased only in women with bipolar disorder in response to a single session of maximal aerobic exercise; no changes were observed in men with bipolar disorder.
Psychological factors, including anxiety sensitivity (20), distraction (5), and changes in attentional resources (37), may also influence exercise-induced changes in mood. Sex-related differences have also been suggested for factors such as anxiety sensitivity (34) , but how potential sex-related differences in these psychological factors may influence mood responses to exercise have remained understudied and warrant further investigation.
Potential limitations include small sample size, the timing of mood measurements, and a focus on young adults recruited from the university and surrounding communities. Mood was measured 10-min post-conditions in the current study. However, some previous evidence has suggested that mood may improve to a larger magnitude 20-30 minutes following acute exercise (8, 14) . It is plausible that greater effects would have been observed had there been a greater delay between completion of each condition and measurement of mood. A C C E P T E D View publication stats View publication stats
